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Preface 


The Acoustical Materials Association is an organization formed by manufacturers of 
architectural acoustical materials for the purpose of furnishing architects and others re- 
liable technical data on sound absorbing materials and their uses. All manufacturers of 
such materials are invited to join the Association. 


The first part of this booklet attempts to present fundamental technical information 
in its most simplified form. It is obviously impossible to cover the subject completely in 
such limited space. The interested reader will find it desirable to refer to the more complete 
texts on the subject. 


The test data contained herein have all been obtained under identical conditions and 
are therefore comparable. The Association does not wish to discredit other data but, 
recognizing the confusing differences which have existed in the past, believes that a single 
set of values approved by all members of the Association is preferable. 


In the choice of the test method and other technical matters, the Association has been 
guided by the recommendations of its Technical Advisory Committee which is composed 
of leading authorities in the field of architectural acoustics. The Association acknowledges 
its indebtedness to these men for their helpful codperation and advice. 


Attention is called to the complete description of the samples tested and also to the 
methods of mounting employed. The absorption of a material may be greatly dependent 
on these properties and the publication of this detailed information is for the protection 
of the purchaser. Samples of the original material tested have been distributed to all mem- 
bers of the Technical Advisory Committee where they may be inspected by interested 
persons. 


This bulletin is published periodically so that the public may be kept informed on the 
latest products of Association members. Interim reports may be made as materials are 
tested and such reports will appear on the Association letterhead accompanied by the full 
description of the materials. 














Theory and Use of Architectural Acoustical Materials 


No atremPptT is here made to give a detailed treatment of 
the well established scientific principles upon which the 
use of sound absorbent materials is based. This will best 
be found in tests on the subject such as Watson’s 
“Acoustics of Buildings” (John Wiley & Sons), Knud- 
sen’s “Architectural Acoustics” (John Wiley & Sons), and 
Sabine’s ‘“‘Acoustics and Architecture” (McGraw-Hill). 

Since the acoustic properties of an auditorium depend 
upon many factors such as shape, size, distribution and 
frequency characteristics of absorbent material, reduc- 
tion of noise as well as the particular use contemplated, 
it is recommended that the services of a qualified con- 
sultant be retained in the planning of churches, theaters, 
school auditoriums, and concert halls. 

The purpose of this brief outline of the subject is only 
to acquaint the layman with the terms used in the follow- 
ing tables of data presented by the Acoustical Materials 
Association and to give the background necessary for 
their intelligent use. 


Pitch 


Sound originates at any body that is in a state of vibra- 
tion and travels as compressional waves in the air with 
a velocity of about 1120 feet per second. The pitch of a 
sound depends upon the frequency of vibration of the 
sounding body. The frequency range of audible sounds 
is from 20 to 20,000 vibrations per second, although the 
range of ordinary sounds is much smaller. Doubling the 
frequency of a musical sound raises the pitch by one 
octave. The following are approximately the ranges of 
frequencies covered by a few musical instruments and 
the human voice. 


Piano 27-4186 cycles. 

Bass Viol 41-246 cycles. 

Cello 65-659 cycles. 

Violin 196-2093 cycles. 

Flute 261-2093 cycles. 

Oboe 233-1568 cycles. 

Clarinet (Bb) 73-698 cycles. 

Brasses (tubas, trombone, trumpet, cornet) 41-932 
cycles. 

Female voices 196-1046 cycles. 

Male voices 82-466 cycles. 


The above are the frequencies of the fundamental tones 
of instruments and voices. It should be remembered that 
much of the energy of sounds of both musical instruments 
and voices is in overtones which have much higher fre- 
quencies than those given. 


Intensity 


The physical intensity of a sound is the vibrational 
energy transmitted per second through a unit cross sec- 


tion of the sound wave. The ear records differences of - 


frequency as differences in pitch. It registers differences 
in intensity as differences in loudness. The range of in- 
tensities to which the ear responds is enormous. A pain- 
fully loud sound at about 1000 cycles has some two and 
one-half trillion times the physical intensity of a barely 
audible sound of the same pitch. 


Reflection of Sound 


Whenever sound strikes a solid barrier a part of its 
energy is reflected, part is absorbed and part is trans- 
mitted to the space beyond. If the sound originates inside 
a room, the portions absorbed and transmitted by the 
walls are not returned so we may take the two together 
under the single heading absorption. We call the fraction 
that is returned to the room, the reflection coefficient. 
The fraction not returned is the absorption coefficient. 


Echo 


When an observer is so placed with reference to a 
sound reflecting surface that the reflected sound comes 
to him as a distinct repetition of the direct sound the 
phenomenon is called an echo. 


Multiple Echo 


If sound undergoes reflections from a number of sur- 
faces arriving at the ear of the observer with intervening 
time intervals long enough for him to hear a series of 
distinct repetitions of the original sound, the effect is 
called a multiple echo. Suppose as a simple case, that we 
stand midway between two extended parallel walls 112 
feet apart and produce a short sharp sound. The sound 
travels to each wall and is reflected, traveling a distance 
of 112 feet. In one-tenth of a second it is returned to the 
observer. Succeeding to and fro excursions bring a series 
of repetitions spaced at intervals of one-tenth second, 
each one fainter than the preceding, due to the fact thata 
part of the energy is absorbed at each reflection. Suppose 
that after twenty reflections the intensity drops below 
the threshold of audibility. Then the multiple echo will 
persist for two seconds. The mean path of the sound 
between reflections is 112 feet. 

Suppose now we double the distance between the 
parallel walls, everything else remaining the same. Now 
the mean path between reflections is 224 feet, the time 
between successive reflections is $ of a second, and the 
total time for the twenty reflections is 4 seconds. Let us 
assume one further change by supposing that the walls 
are surfaced with a material having a coefficient of ab- 
sorption twice that of the original. Then ten instead of 
twenty reflections will reduce the intensity to the thresh- 
old of hearing, and the time for the 224 foot spacing is 
reduced to two seconds, and for the 112 foot spacing, 
one second. 
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Reverberation 


Suppose in the preceding case we modify conditions by 
putting end walls 56 feet apart between the parallel walls 
assumed to be 112 feet apart, and put a ceiling 28 feet 
high over the whole thing. We now have a room 112X56 
X28 feet. We shall then have the to and fro reflections 
between the ends, between the two sides, and between 
floor and ceiling and in addition across reflections be- 
tween non-parallel boundaries. The ear will be unable to 
separate the individual returns as distinct sounds, with 
the result that the multiple reflections will appear as a 
mass of sound filling the room with a gradually decreas- 
ing intensity. This persistence of sound in a closed space 
after the sound has ceased is technically known as 
Reverberation. The time required for this residual sound 
to decrease to 1/1,000,000 of its initial intensity, or, ex- 
pressed in decibels, for the intensity level to decrease by 
60 db. (10 log 1,000,000 = 60) is called the Reverberation 
Time of the room. 


Effect of Reverberation on Hearing Conditions 


If one listens to a speaker close at hand speaking in a 
quiet tone of voice, the successive syllables arrive at the 
ear of the listener distinct and free from each other. The 
speech is easily intelligible. If, however, a speaker raises 
his voice in a large room, each syllable is prolonged by 
the reverberation, running more or less into succeeding 
syllables with resultant confusion and loss of intelligibil- 
ity. Similarly, the individual notes in music are prolonged 
by reverberation, and the effect is that of a piano played 
with the loud pedal held down continuously. The acoustic 
properties of rooms therefore depend in large measure, 
though not wholly, upon the reverberation times. 


Effect of Volume and Absorption on Reverbera- 
tion Time 


Just as in the simple case of the parallel walls, increas- 
ing the distance between the walls increased the time be- 
tween reflections, so increasing the size of a room increases 
the mean free path of the sound between reflections, and 
so prolongs the reverberation. Conversely, increasing the 
average fraction of sound absorbed at each reflection, i.e., 
the average absorption coefficient, increases the rate of 
absorption and diminishes the period of reverberation. 
The most commonly used formula for computing the 
reverberation time is that given by W. C. Sabine, namely 


To=.05— 


To is the time in which the reverberant sound sinks to 
1/1,000,000 of its initial intensity, or for the intensity 
level to fall 60 db. V is the volume in cubic feet and a 
is the total absorption of the room. To compute a for 
any room, the area of each surface is multiplied by its 
absorption coefficient, and the sum of these plus the ab- 
sorbing power of objects that may be in the room, seats, 
furnishings, and, in the case of audience rooms, people, 
gives us the total absorption, the a of the formula. 


REVERBERATION TIME-SEC. © 


Other formulas applying with greater exactness to 
dead rooms have been proposed and are in use, but most 
of the data available on desirable reverberation times are 
based on the simple formula given above. The interested 
reader is referred to the more recently published texts 
for detailed discussion. 


Desirable Reverberation Times 


The Reverberation Time that is desirable for any par- 
ticular room depends upon a number of considerations. 
Among them are volume, the usual audience, and the 
contemplated use, that is, whether the room is intended 
for music or speech, or both, with or without public 
address system, or for sound motion pictures and so forth. 
For this reason, no very precise values of the desirable 
reverberation time should be given. In rooms such as 
concert halls or operatic theaters, where good acoustic 
properties are of paramount importance, careful con- 
sideration should be given to all these factors in pre- 
determining the planned reverberation. In the following 
graph figures within the shaded area represent acceptable 
reverberation times for various room sizes. These are for 
the frequency 512 cycles per second.When treating sound 
film theaters or auditoriums which have a public address 
system, the reverberation times should fall nearer the 
lower limit of tolerance. In the case of churches, the times 
selected should fall nearer the upper limit of tolerance. 
The correction should be so computed that the correct 
reverberation time is obtained with an audience of the 
most probable size present. 
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Computing Reverberation Time—Numerical 
Example 


While the Reverberation formula is mathematically 
very simple and its application in rooms of simple shapes 
is equally so, yet in practice the problem becomes com- 
plicated by numerous factors which are not easy to 
specify, but which have to be taken account of in good 
acoustical design. For these more complicated cases, refer- 
ence should be made to the texts cited above, and where 
good acoustics is a matter of major importance, the de- 
signer and builder should be expertly advised. The use 
of the formula however may be illustrated by computing 
the reverberation time for the room 112X56X28 feet 
with the following surfaces and furnishings. The volume 
and other figures are approximate rather than exact in 
order to simplify the illustration. 














Dimension 


Floor,‘ cementssi: 66 fe ss 56’ x 112’ 
Walls, wood panelling........ 8’ x 336’ 
Walls, plaster on tile...... oo S06 = 996" 
Ceiling, plaster suspended..... 56’ x 112’ 
Welourcartain sci 608s 39’ x 20’ 
Total absorbing power, bare room........ 3 


Assume that there are 800 seats each with an absorbing 
power of .25 units when empty and of 4.3 units when 
occupied. The volume is 112X56X28=175,000 cubic 
feet. The computed reverberation times under various 
audience conditions are as follows: 


Audience Absorption 205V 
a 
None 1200 units 7.3 seconds 
200 2010 4:3 
400 2820 cme 
600 3630 2.4 
800 4440 2.0 


It will be apparent that the reverberation in this room 
is excessive without the addition of sound absorbent 
treatment. Assuming that one-half capacity audience is 
the most probable figure, we find that the reverberation 
time should be reduced from 3.1 seconds to 1.5 seconds. 
The total absorption in the room should be 


05 V 


re = 5830 units. 


Referring to the absorptions for the untreated room 
given above, the necessary increase in absorption is 
§830—2820= 3010 units. The reverberation range will 
then be: 


Audience Absorption Reverberation Time 
None 4210 2:1 

200 5020 17 

400 5830 1.5 

600. 6640 re 

800 745° 5.2 


Reference to the curve will show that for audiences 
from one-fourth capacity to full capacity this correction 
gives results within the range of tolerance. 

The area of treatment will be found by dividing the 
necessary added absorption by the coefficient of the 
material to be used. These areas for materials having 
coefficients of .40, .60 and .80 are as follows: 


Coefficient Area Required 
.40 7525 sq. ft. 
60 5017 
80 3762 


There may be cases where for architectural reasons the 
area available for treatment is limited. If in this case 
only 4500 square feet on the ceiling were available for 
treatment, there would not be sufficient area for the .40 


Area Coef. Absorbing Power 
6272 sq. ft. O15 94 units 
2688 .06 160 
6720 025 168 
6272 .03 188 
780 50 390 
oc Sis aeiads Gates Sane anit Ons 1000 units 


material or the .60 material. However, a correction could 
still be obtained for a certain range of audience sizes. 
The added absorption is .40X4500=1800 units and 
.60X4500=2700 and .80X4500= 3600. 


Reverberation Time 


Audience .40material .60 material .80 material 
None 3.0 sec. 2.3 SEC. 1.8 sec. 
200 2.3 1.9 1.6 
400 1.9 1.6 1.4 
600 1.6 1.4 1.2 
800 1.4 1.2 i 


The .40 material gives satisfactory reverberation times 
from approximately two-thirds to capacity audience; the 
.60 material gives satisfactory results from approximately 
one-third to capacity audience; and the .80 material gives 
results which can be considered satisfactory for any size 
audience, although the value with a full audience is a 
little below the optimal reverberation range. In this con- 
nection it can be stated that values below the optimal 
range are generally preferable to values above that range. 

The above example shows that considerable latitude 
is available in the choice of the coefficient of a material. 
In general, this latitude is greater in rooms having a 
large amount of absorption in the form of upholstered 
seats, carpets, draperies, etc., than in rooms with less 
absorbent furnishings. 

If the area of treatment can be varied, then the choice 
of coefficient to produce a given result is obviously wider. 


Reverberation at Different Frequencies 


It will be noted in the table of coefficients given herein, 
that the absorption coefficients of materials are different 
at different frequencies. It follows accordingly that the 
reverberation time of a given room will depend upon the 
pitch of the sound, and that, theoretically at least, the 
variation with frequency of the absorption coefficient of 
any material will have an effect upon the acoustic proper- 
ties of a room in which it is used. It is a common practice 
to consider the reverberation only at the single frequency 
512 vibrations per second. No very definite criterion for 
reverberation times at other than 512 cycles has been 
established, but experience shows that in an auditorium 
with a large area of material having a coefficient at high 
frequencies several times as great as that at 128 cycles, 
a preponderance of low pitched sound results which is not 
pleasing. The importance of considering the coefficients 
at different frequencies is apparent, in cases such as 
broadcasting studios in which the artificial absorbent 
supplies most of the total absorption. In rooms where 
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only a small portion of the total absorption is supplied 
by the acoustical material, this factor may be unim- 
portant. 


Location of Absorbing Material 


The location of absorbing materials must depend upon 
circumstances to a certain extent. The use of highly ab- 
sorbent materials on or near the stage is not good prac- 
tice. Extended rear walls, especially when curved, should 
be highly absorbent. Normally ceiling areas will be found 
the most feasible for the installation of acoustical treat- 
ment. Treatment applied on under-balcony ceilings is 
less effective in reducing general reverberation than equal 
areas applied to ceilings or side walls of the main portion 
of an auditorium. Choice of materials for any case should 
be made on the basis of adaptability to the particular 
demands of the situation rather than on a few points of 
difference in the absorption coefficients. 


Decibel Scale 


Instead of specifying the intensities of sounds, acous- 
tical engineers ordinarily refer to the intensity levels 
expressed in decibels. Two intensity levels differ by one 
decibel when the difference of the /ogarithm of the cor- 
responding intensities is 0.1. Now the number whose 
logarithm is 0.1 is 1.26. Hence an increase of 26% in 
the intensity of a sound corresponds to a rise of 1 decibel 
in the intensity level. If the minimum audible sound be 
taken as having a unit intensity, its intensity level is 
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zero, since log 1=0. Unless otherwise stated, the inten- 
sity level of the sound means the number of decibels 
above the minimum audible intensity. The accompany- 
ing chart will give an idea of the intensity levels of 
ordinary sounds. 


Noise Level in Rooms 


Sound produced in the open air, away from any reflect- 
ing surface, travels from the source to the listener, is 
heard once and that is the end of it. In such a case, more- 
over, the intensity decreases with increasing distance 
from the source. In a room, however, repeated reflections 
prolong each sound, thus building up a general sound 
level, much greater than would result from the same 
source without reflection. It can be shown that with a 
given amount of noise generated in a room, the average 
intensity of the reflected sound varies inversely as the 
total absorption of the room, i.e., doubling the absorp- 
tion halves the physical sound intensity. This does not 
mean that the ear will judge the loudness of the noise to 
be half as great. Quantitative judgment of relative loud- 
ness is a much more complicated matter. 

Reduction of noise in a room resulting from the use 
of absorbent material can be easily computed by the 
formula 


Reduction in decibels = 10 log az. 
a 


The use of this formula is illustrated by the following 
calculations for a typical office space 40’ X 50’ X10’ high. 





Absorbing 

Area Coef. Power 

Floor, linoleum. ............ 2000 sq. ft .03 60 units 
Walls, glass windows........ goo“ « .03 ie 
Walls, plaster on tile........ bie = Pet 025 ao. 
Ceiling, plaster on lath....... 2000 * “ 036 yc a 
ee PEEEIERER) Rip Poser REI URS aa 8. ® 1.0 a0. * 
ODMR as ony cise oe ueceenes Yo aia 2 Pe 

File cabinets, etc., and miscel- 

JOnCONE oS. ciate biasek ap. 8 

Total absorption, untreated room (a1).......es0e+: 223 units 


Assuming that the ceiling area available for treatment is 
1800 square feet and that this is covered with materials 
having noise reduction coefficients of .40, .60, and .80, 
respectively, the following are obtained. 


Total Absorption Decibel 
Net added after Treatment Reduction 
Coe. Absorption (ax) @2/ ay 10 log a/a, 
40 655 units 878 units 3-94 6.0 db. 
60 tors “ 1238 “ 5.56 A ss 
80 1762.4 1598 “ 7.17 8.6 “ 


Judgment of Relative Loudness 


It was stated above that the ear does not judge loud- 
ness in direct proportion to the physical intensity, but 
follows a more complex relation. A number of attempts 
have been made recently to determine this relation ex- 
perimentally by measuring the differences in intensity 
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level between two sounds one of which was judged by a 
group of observers to be half, one-fourth, three-fourths, 
etc., as loud as the other. Investigators at the Bell Tele- 
phone Laboratories have determined a relation between 
loudness and intensity level which agrees with the results 
of other experimenters, and which has been adopted by 
the American Standards Association Committee on 
Acoustical Measurements and Terminology as a tenta- 
tive standard. This relation is given in the accompanying 
chart. (The term “loudness level’? need not be defined 
here, but may be considered for practical purposes as 
equal to “intensity level’’ as defined above.) Applying 
this ‘chart to the example of noise quieting worked out 
above, the following loudness reductions corresponding 
to the calculated decibel reductions are obtained. 


Loudness Reduction 
Decibel 60 db. Original 70 db. Original 


Coef. Reduction Noise Level Noise Level 
.40 6.0 34% 30% 
60 7.5 41 36 
80 8.6 45 40 


It will be seen from this table that as in the case of 
acoustical correction, some tolerance is allowable in the 
choice of coefficient of the sound absorbing material. 


Coefficients of Materials 


The sound absorption coefficient of a material is a 
measure of its efficiency as a sound absorbent which will 
serve as a basis for computations of reverberation times 
and of noise reduction. The tables of coefficients presented 
in the following pages give the results of tests all made 
under identical conditions in one laboratory. These values 
were determined for each material by measuring by an 
electrical method the effect produced by 72 square feet 
of the material on the rate of decay over a 40 decibel 
range of reverberant sound in a room whose volume is 
10,000 cubic feet. Repeated tests showed that the coefhi- 
cient obtained by a single test on a given material may, 
at certain frequencies, vary by as much as 7% of the 
mean of a large number of tests on that material. 


Frequencies for Different Purposes 


For Auditorium Correction, it has been customary to 
use the 512 cycle coefficient alone. Since the absorption 
of a material may vary over a wide range for different 
frequencies, attention should be paid to the coefficients 
at other frequencies than this as noted above. 

For Quieting, the numerical average of the coefficients 
from 256 to 2048 cycles is recommended as a basis for 
comparison of different materials. 





Sound Insulation 


Another type of acoustical problem aside from noise 
quieting and acoustical correction is that of sound trans- 
mission from one room to another through walls, floors, 
and ceilings. Transmission generally takes place as a 
result of a floor or wall being set into diaphragmatic 
vibration, which generates sound waves in the air on the 
other side. ‘“‘Airborne transmission” refers to the case 
where the vibration of the wall or floor is set up by the 
action of sound waves against its surface, as when the 
sound of a voice or musical instrument is heard through 
a partition. “Impact transmission” occurs when vibra- 
tion is produced by direct mechanical impact on the 
surface, such as caused by footsteps or the dropping of 
an object on a floor, or by rigid contact of a vibrating 
object such as a motor. 





Rating Sound Insulating Constructions 


The sound insulating efficiency of a wall or floor con- 
struction or airborne sound is called its ‘transmission 
loss” (T. L.) and is measured in decibels. The trans- 
mission loss is simply the number of decibels which a 
sound loses in being transmitted through the construc- 
tion. For example, if a sound of 70 db. intensity level 
passes through a partition having a transmission loss of 
30 db., it will have an intensity level of 70 less 30, or 
40 db. on the other side. Thus, the loudness of the sound 
heard through a wall depends both on the original loud- 
ness and on the transmission loss of the wall. The higher 
the original loudness, the greater must be the trans- 
mission loss of the wall in order to reduce the loudness 
to an acceptable level on the other side. 
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Sound Insulating Methods 


From the discussion thus far, it can be seen that the 
sound insulating efficiency of single walls or floors, which 
include solid masonry and single stud or joist construc- 
tion, depends on their ability to resist vibration, which 
in turn depends chiefly on their weight and rigidity. In 
general, high efficiency in single constructions can be 
obtained only by great weight. 

High efficiency without excessive weight may be ob- 
tained by the use of double wall construction. The effi- 
ciency in this case depends partly on the weight and 
rigidity of the individual members, and to a large extent 
on the degree of structural isolation between them. The 
two sides of a double construction should have no rigid 
contact between them at any point except at the edges. 
Even a small solid connection, such as a single nail driven 
through both sides of a double wall, greatly reduces its 
efficiency by conducting vibration directly across the air 
space. Good results are also obtained with double con- 
struction in which a light facing is attached toa structural 
wall by specially designed vibration isolating units em- 
ploying steel springs or felt pads. 

The transmission of airborne sound through floors is 
governed by the same general principles as in the case of 
walls. Impact transmission, however, involves a few 
exceptions. For example, a heavy concrete slab is highly 
effective against airborne sound, but readily transmits 
impacts made on the bare surface. Simply laying a carpet 
on the floor surface will greatly reduce the impact trans- 
mission, but will have no measurable effect on the air- 
borne transmission. High efficiency against impact trans- 
mission is principally a matter either of absorbing the 
impact before it can get into the floor structure, by means 
of a resilient floor covering, or of breaking rigid connec- 
tions between the top and bottom surfaces of the floor 
structure. This may be done by providing a floating floor 
surface mounted on resilient supports. In the case of 
very heavy impacts, as of a person jumping on a floor, 
satisfactory results can be obtained only with massive, 
rigid construction, together with the isolating methods 
just described. 


Effect of Sound Absorbing Materials 


The question is frequently asked whether the sound 
transmission between two rooms can be reduced satis- 
factorily by the use of acoustical treatment. When it is 


remembered that sound transmission takes place by 
vibration of the wall or floor surface as a whole, and that 
it requires a heavy structure to resist this vibration satis- 
factorily, it will be seen that covering the surface of a 
wall with a comparatively light acoustical material will 
not increase its weight or rigidity enough to make any 
worthwhile improvement in the efficiency of the wall. 
The use of sound absorbing material in the room where 
the sound originates reduces the loudness of sound in 
that room and, therefore, less sound is transmitted 
through the partition to the room on the other side. This 
effect would take place regardless of whether the wall 
itself were treated or whether the same amount of ma- 
terial were placed on another surface in the room. Even 
so, this indirect reduction in transmission is seldom 
sufficient to produce satisfactory results. Experience has 
shown that when transmitted sound is loud enough to 
cause complaints, a reduction of at least 10 db. is usually 
necessary to give noticeable improvement. 


Sound Leaks 


Sound may be said to seek the path of least resistance 
in passing through a wall or floor. A surprising amount 
of sound energy will flow through even a small opening 
in a wall, such as the crack under a door or an enlarged 
hole around a pipe. This means that good sound insu- 
lating construction requires careful workmanship and 
scrupulous attention to details. All masonry and plaster 
work should be free from cracks and flaws. If phone or 
light boxes are to be installed, they should be caulked 
tight, and should not be placed back to back. Frequently 
rooms are connected by a common ventilating duct, 
which may provide a clear path for sound transmission 
unless it is properly lined with sound absorbing material. 
In double wall construction, special care must be taken 
to avoid bridging the air space solidly with nails, ex- 
truded mortar, etc. 

A frequent error is made in expecting good overall 
sound insulation from a wall construction of high rated 
efficiency in which an inefficient door is placed. In such 
a case, the overall efficiency is not much better than that 
of the door alone, and in order to obtain the desired 
results, a door must be used which has an efficiency 
comparable to that of the wall. 








Alphabetical List of Trade Names 


For convenient reference the trade names of materials appearing in this bulletin are listed below in alpha- 
betical order, along with the table number and the name of the company under whose listing the product 
appears. Absorption coefficients and physical characteristics of the products can be found in following 
tables. 


Trade Names Table Number 
Peorntone. 6682S 258 BAS IS oe | Segre Luse-Stevenson Company 
PES Oe POA a PON SS eee ese The Celotex Corporation 
nee ee ee Bich oe ae The Celotex Corporation 
(Open Sp aR ea SSR eh ee Nee ait nie: | re eatre National Gypsum Company 
PS ic cece cis cote caus | Sas re The Celotex Corporation 
NE ey eed oe vas ok Vin Bt Oe National Gypsum Company 
POO a une nk sdk os Se 3 ni ne wR Age (aise knee United States Gypsum Company 
IR 5 iol. Vp ees Sa he Sear ae Johns-Manville Sales Corporation 
oS SE ee Te Seatac er rae erie ee Tar | Sauer Ges The Celotex Corporation 
Mc igh i oa ey | areas Sea The Celotex Corporation 
OE nis 2s a es Se. eee ee Pi ae Armstrong Cork Company 
Cum Gg ee Oe de eee Di saeepaess Armstrong Cork Company 
BONG ois. eins Vogt Aa ce 2 ens da ie oan National Gypsum Company 
Pivergias Acoustical Tile... 00... es... Led ae Owens-Corning Fiberglas Corporation 
Fiberglas Decorative Acoustical Blanket... .. t Eats are Owens-Corning Fiberglas Corporation 
Fiberglas Metal Mesh Blanket.............. Le ast Owens-Corning Fiberglas Corporation 
Fiberglas Semi-Rigid Panels and Boards...... LEP Owens-Corning Fiberglas Corporation 
Fiberglas Sewn Blanket... ........0...00005 a ae Owens-Corning Fiberglas Corporation 
MPORNNs Gan Sh 26s Ts | Taner enie!S Johns-Manville Sales Corporation 
Dr PES oe EE | Seta Johns-Manville Sales Corporation 
OES ila eaclap are Cine tod Bs sean SS | Sere David E. Kennedy, Inc. 
Ne Sec ei aes eos canes ae | ERE Dee ee David E. Kennedy, Inc. 
Me FBO ee Specs oc bai ees 2: eee ge National Gypsum Company 
NE Sy ig 8a bee bo ie oir 3 is The ss ite The Celotex Corporation 
MN si ties poh a piles gobi ink Maignin Lisa sk Bes United States Gypsum Company 
IOS ie as oj tks ee osin Sees ee Johns-Manville Sales Corporation 
Bit AARNE irises exe ie skies ees Peete St The Celotex Corporation 
Reverbolite Acoustical Plaster.............. ees The Celotex Corporation 
Sabinite Acoustical Plaster................. io Meee eae United States Gypsum Company 
BOE ee Spee aS: Johns-Manville Sales Corporation 
Sound Isolation Blanket... 00.2006 006. Bee, Fit. Johns-Manville Sales Corporation 
a ranmite Acoustical Unit 2). 2 8 Bovey rage Johns-Manville Sales Corporation 
NS SRI SEs ot pa lg els (gi Fab bce National Gypsum Company 


Io 














Light Reflection Values 


ducted at a laboratory chosen by the Association. The tests are made on samples selected by a representative of 
the testing laboratory as typical of the actual material submitted for sound absorption tests. The light reflection 
is measured in a type of reflectometer known as the “Baumgartner sphere” described in the “Transactions of the 
Illuminating Engineering Society,” 33, 379 (1938). Each value reported is the average of measurements on four 
(4) samples. 





The letter appearing in the tables under the column heading “Color” indicates the color of the sample which 
gave the light reflection value in the adjoining column, in accordance with the following table: 


W—White 
I—Ivory 


All light reflection values on acoustical materials listed in the following tables are obtained from tests con- 
i 
i 
| 
Mi 


C—Cream 
B—Buff 


Wp—White, perforated. This symbol used only when surface is combination of perforated and un- 
perforated units. 


ee ae eae eg ee 


Wu—White, unperforated. This symbol used only when surface is combination of perforated and 
unperforated units. 


ie 
F 
3 


Classification by ‘Types 


In writing specifications for acoustical materials it is frequently desirable to have the available products classi- 
fied with respect to their appearance when installed. The appearance depends principally upon the texture and 
composition of the face of the material and upon the presence or absence of fissures or mechanical perforations 








To assist architects and others who desire to specify materials by types, the Association has established the 
following classifications and the type of each material is indicated accordingly in the tables which appear on fol- | 
lowing pages. 


This classification agrees exactly with Federal Specification for Acoustical-Units; Prefabricated SS-A-118. 
I. Cast units composed of small uniform mineral particles held together with Portland cement. 


II. Cast units having a surface composed of or resembling small uniform granules. The binder 
may be gypsum or any other suitable mineral binder. 


III. Cast units having a surface composed of or resembling irregular, rough granules. The 
binder may be gypsum or any other suitable mineral binder. i 


IV. Units having a mechanically perforated surface, which acts as a covering for the sound 
absorbent material. . 


V. Units which are mechanically perforated, the perforations extending into the sound ab- 
sorbent material. | 





VI. Units having a fissured surface. 


VII. Compressed units composed of long wood fibers held together with a mineral binder, This 
type shall not have a mechanically perforated surface. 


VIII. Felted fiber or wood pulp units which have a surface that is not mechanically perforated. 
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TABLE NO. Ill 
COEFFICIENTS OF GENERAL BUILDING MATERIALS 
Complete tables of coefficients of the various materials that normally constitute the interior finish of rooms 


may be found in the various books on architectural acoustics. The following short list will be useful in making 
simple calculations of the reverberation in rooms. 


Material Coefficients 
128 512 2048 
Brick waleaimbenin ot cons caisson a Pe Aw oad Seis Ss .O12 O17 .023 
AMO; UNC RiNted yn Gn fee en es weave neue ieee es tee: .024 .03 .049 
Watery unnede nor e Senet s eon ute eink bo he 09 .20 27 
bop Ute wT) UE Ta Tas Palas Saetre mia ne eta ie i es aie eg TALE ALN orc RR 11 637 27 
Fabrics, hung straight 
ENGNG EO Oran pee SdiVUsl ea cas wer eoae sas eon aire ben ae is ah os .04 mS «30 
Mediiiny t4) O76; per Sa VAs oie ces odes ica rhea lea eee tae esas .06 13 -40 
leavygcraped, 19.025. Der sq. Vd. or (3. ye soa ean ciwacdlce sists os .10 50 82 
Floors 
CONCRETE OF (EEPAgeG ooo ee os aes ass am eel aI Saori ee A esdia .O1 O15 02 
WNEOM tern ee oaicceteat can Ue mame ne la ee aia Neus Tim cut, 05 03 03 
Linoleum, asphalt, rubber or cork tile on concrete...........0.0eee0005 03-.08 
MASS i ees tities Vey Ons ae aane Sa RE One Een esc rw cue eio} 035 027 02 
Glass Fibre Blankets and Semi-Rigid Boards 
*Fiberglas Semi-Rigid Panels and Boards, tested lying on laboratory floor. 
Type TW-PF—2.5D 1” thick, .23 Ibs. (Pica al CUS eran perpen ea +24 65 73 
Type TW-PF— 4D 1’ thick, sQalbersher San flees tis sang sxe et .20 Gs 86 
Type TW-PF— 4D a” thick, : cotelbaniperseay the css 5 cece ies 41 99 84 
i ‘Type FW-PF—: 6D <1" thick, - 47 Ibs:perisq, ft. occ in eves +25 86 84 
type TW-PP—raD. 1” thick, 1.04 Ibs. persq: ft. 6. 6s. ee cee dete .09 -79 87 
*Fiberglas Metal Mesh Blankets (Style HO), tested lying on laboratory floor. 
é dypeTWw-G--eD 1" thick). 4odbsc pen sis ftes sss cse 5 os bee vale 24 a7 | .70 
i Type TW-G—2D 2” thick, sGa bas per sdniti cn cic. seis sot aces .38 84 -76 
; ‘Lype. EW-G—-4D 1" thick, \.68:lbswpereaitts. sees s secs a yes -33 81 -78 
F Type TW-G—4D 2” thick; ‘.o7ilbsiperdacdtea cays otis set eur a 54 99 88 
‘ Aype-T W-G--6D 9" thick;: c75'Ibs. per sq: itz... ou. 2 sc sieves 35 .89 87 
4 Type TW-G—6D 2” thick, PRy lbs, per sal ites 20. Seis cs oe eg .99 .gI 
*Fiberglas Sewn Blankets—Muslin Faced (Styles PM 2 or FM 2), tested lying on laboratory floor. 
Dyped WG-4 2" thick,s69.lbs,pereqait- sbi ses concede .62 -99 .86 
Marnie or Glazemei ile 106s, i ee on abel mang palita « Oc ieee cane .O1 .O1 O15 
Openings 
Stage,,deperiding on: furnishings. , 44. i nie gases oo Nemcdean a. se eres -25-.75 
Deer DaicConVUDNOSCerEd WEAtS 3.0 Sos la easly lay same aie ay cement .5O-1.00 
Gprility VOMMUNRIND a en Mies ate cre et rect ui esccs ae teaC Rate ORE .15-.50 
Plaster, gypsum or lime, smooth finish on tile or brick................0+5 .013 .025 104 
: MOORES Con fc eek ee Gag ECE TN a ERS 02 .03 04 
f Plaster, gypsum or lime, rough finish on lath...............-0-e ce eeeees .039 .06 054 
4 WY ete MONO onccics v'ciasie vies Sk ciels «ce ea ws sa een .08 .06 .06 
i *Data preceded by an asterisk indicates that the material was tested in the A.M.A. laboratory under test conditions 
: specified by the Association. 
ABSORPTION OF SEATS AND AUDIENCE 
Audience, seated, units per person, depending on character of seats, etc..... 1.0-2.0 3.0-4.3 3.5-6.0 
Chaiss.mietalior woodscc) soy 0c oe faeac cag u ne saul osee tan es aces otes me BG 20 
Pew Cushions so oes ee os chose oe be eee -7§-1.1 1.45-1.90 1.4-1.7 
Theatre and Auditorium Chairs 
Wood wenéer stat‘and back oo0 so he oooh nd Soe ee CRS 25 
Upholstered in leatherette: 0 once ses an eae nea s cae ewer 1.6 
i Heavily upholstered in plush or mohair... 22.600... ci .c ci ce ceeds ss 2.6-3.0 
$ Ay occ 0) Coy ee a rs ih Ve a Reet GEE eR DR aU Sera Id ap ag -40 
| 
| C 





Recommendations to Architects and Engineers 


For the improvement of technical and competitive conditions in the industry, the members of the 
Association and Technical Advisory Committee make the following recommendations. 


Expert Services 

Since the acoustic properties of an auditorium depend upon many factors other than reverber- 
ation time, such factors including shape, size, distribution and frequency characteristics of absorbent 
material, reduction of noise and the particular uses contemplated, it is recommended that the serv- 
ices of qualified consultants be retained in the planning of churches, theaters, school auditoriums 
and concert halls, and that specifications for acoustical treatment be made under competent advice 
from independent consultants. 


Guarantees 

In view of the experimental difficulties in precise measurements of reverberation times under 
field conditions, and the occasional rather wide departure from theory in exceptional cases, it is rec- 
ommended that no guarantees of reverberation times be made by manufacturers or erectors. Guar- 
antees should cover only the point that the materials sold have substantially the same absorbing 
efficiencies as the samples submitted for tests, values of which are given in the Association lists. In 
order to carry out this guarantee, original test samples of materials are preserved at the testing 
laboratory for comparison in case any question arises as to the essential identity of commercial prod- 
ucts and test samples. Further single units of each of the materials tested will be in the posses- 
sion of each member of the Advisory Committee. A material which departs not more than 10% 
of the value of the published coefficient from that value should be considered as fulfilling the terms 
of such a guarantee. 


Rating of Materials 

In order not to emphasize unduly the precise value of the absorption coefficient of a material, 
it should be borne in mind that experiments show that the results of a single measurement of the 
coefficient of a material may, at certain frequencies, depart from the mean of a large number of meas- 
urements by as much as 7% of the mean value. Minor differences in coefficient, therefore, should be 
disregarded in choosing between materials and attention given to the many other properties of the 
materials. 


Coefficients to Be Considered in Auditorium Treatment 

While long usage has established the practice of computing reverberation times at the single 
frequency 512 cycles, yet consideration should be given to the absorption coefficients at other fre- 
quencies. 


Coefficients for Noise Reduction 

In considering materials for the reduction of noise, as in quieting of offices, hospitals, banks, cor- 
ridors, etc., the 512 cycle value above should not be used alone. With the information available at 
the present time it is recommended that the average value of the coefficients from 256 to 2048 cycles 
inclusive should be used. This average value of each material, to the nearest 5%, is listed in the 
tables as the “Noise Reduction Coefficient”’ of the material. 


Application of Materials 

Acoustical materials are properly classified as “building specialties” the proper use and installa- 
tion of which can best be intrusted to persons familiar with them. The members of the Association 
will gladly refer you to representatives in all localities who are skilled in the application of their 
products. 

















